THE DUSTY NUSERIES OF STARS
A galaxy contains not only billions of stars, but also large amounts of gas and dust. These regions of gas and dust in the galaxy lie in the space between the stars. If the galaxy were a street, the houses would be stars and the regions of gas and dust would be the gardens in between the houses. The space between the stars in a galaxy is called the interstellar medium, because it is the medium, or substance, that
INTERSTELLAR MEDIUM (ISM)
The entire space inside galaxies where there are no stars, but instead a lot of gas and dust. makes up the space between stellar objects.
The regions of gas and dust are called molecular clouds, because
MOLECULAR CLOUD
A large space cloud filled with gas and dust. Molecular clouds are found inside the interstellar medium.
of their content. Molecular clouds are made of a mix of atoms, molecules, and dust. Atoms are the small building blocks of all the stu around us. Molecules consist of two or more atoms joined together. The molecules present in molecular clouds are typically molecular hydrogen, H , but can also be more complex molecules, such as methanol, which consists of six atoms, or water, which consists of three atoms. Dust grains are even larger clumps of matter and they can be up to a few millimeters in size, which is huge compared with atoms or molecules.
Molecular clouds in the interstellar medium are large. In fact, a single molecular cloud can be hundreds of thousands of times heavier than the Sun. Their volumes also vary: a molecular cloud can be the same size as, or many times bigger than, our entire solar system. These enormous molecular clouds undergo turbulent motion. This means that the gas and dust within the clouds do not stay in the same place as time passes. These substances move around in all directions, like children running around in a school yard. This turbulent motion of the gas and dust distributes the atoms and molecules unevenly, so that some regions of the molecular cloud will have more matter in them than other regions Figure A . If the gas and dust pile up to a very high level in a certain region, that region starts to collapse due to the pull from its own gravity. The region is smaller than the molecular cloud and lives inside the molecular cloud. The region is "only" a few hundred Astronomical Units (AUs), which is a few hundred times the distance AU Astronomical Unit, which is the distance from the Earth to the Sun. from the Earth to the Sun.
THE COLLAPSING MOLECULAR CLOUD
A molecular cloud is very cold, only a few degrees above absolute zero, which is the lowest temperature possible (also called • K). But,
ABSOLUTE ZERO
The lowest possible temperature, which is also called • K.
when gas and dust start to collapse in a region within the molecular cloud, it slowly heats up. This is a consequence of a law of physics, which tells us that, when matter is squeezed together, the density of the matter will increase and the matter will start to heat up. The outer edge of a collapsing region will have a temperature of around • above absolute zero (also called • K), and the inner region will slowly heat up to around
• K, which is around room temperature.
kids.frontiersin.org July | Volume | Article | Figure   Figure The process of star formation. The illustration shows the six steps of star formation for Sun-like stars. The process starts on (A), where gas and dust in the space between stars (also called the interstellar medium, ISM) collapse into a dense ball of gas called a prestellar core (B) that eventually will become the sun. During the collapse a disk (C) forms around the core, while two jets are emitted at the poles. At some point the star stops growing, but gas still fall onto the disk (D). After a few million years this process also halts. The star is now born (E), while the planets are being formed from the left-over material, which will eventually become a solar system (F). A solar system typically lives billion years after the formation process.
When the collapsing region has reached a size of nearly , AU, it is called a pre-stellar core ( Figure B) and is o cially a star in-the-making. "Stellar" means star, so pre-stellar means, "before becoming a star." The word core refers to the gas and dust, which are now so dense that the term core is more precise than region or cloud. Also, this pre-stellar core will later become the interior core of the star.
Over the next , years or so, the pre-stellar core contracts. This might sound like a long time, but on an astronomical timescale it is considered a fairly swift process compared, for instance, to the age of the Universe, which is almost billion years. The core contracts until it is around , AU ( Figure C) . It is still composed of the same gas and dust, so this means the density of that matter is increasing as the diameter shrinks to / th of the original size of the collapsing region.
After
, years has passed, the system will have formed a disk around the central core, and excess material will be ejected outward from the poles of the star. A pole on a star is like those on the Earth, namely defined as the axis that the star spins around. In Figure C , you can see two fountain-like structures where this excess material is ejected. These structures are called jets, and they obey the laws of physics. The random motion of the gas and dust that we described earlier, combined with the system's contraction as the pre-stellar core forms, will cause the whole system to rotate. This process causes a flat disk to form around the pre-stellar core. This is similar to the way a dress forms a flat disk around a spinning ice-skater. If the skater was not rotating, the dress would not be a flat disk around her, but instead would hang along her sides. The jets at the poles arise to keep the system in balance. The system is now called a proto-star, which means it is at its very first stage of becoming a real star.
FROM PRE-STELLAR CORE TO STAR
The disk is crucial for the proto-star to grow into a properly sized star. The disk is mainly composed of gas, which rotates with the disk and slowly approaches the surface of the proto-star. When the gas comes close enough to the star, it falls onto the surface of the star because of gravity, and the star grows. This process of growing is called an accretion process and the star is said to accrete (accumulate) matter
ACCRETION
The process where one object accumulates the mass from another object. from the disk.
Over the next , years, the matter from the disk is either accreted by the star or expelled from the disk ( Figure D) . The star has grown enough in size and density for the central region to initiate a nuclear reaction, which causes the star to shine, like the Sun. At this point, the star is called a T-tauri star, and this is the first time that the star can be observed visually.
The star eventually stops accreting matter from the disk, but the remaining material around the star is still in a disk-like shape ( Figure E) . The disk no longer serves the purpose of feeding the star with matter to make the star grow. Instead, the disk is now just a circular moving plane of material, which will slowly start to clump together and orbit the star. These small clumps, made from the left-over material from the star's creation, will form new planets. This means that the planets in our solar system are made of the leftover material from the Sun's birth! This is also why all the planets in the solar system are found in the same plane! The final solar system ( Figure F) is finished when the disk is completely exhausted, and all the planets are formed. Over the next billion years, the star will burn nuclear fuel in its center and emit energy as the radiation we call sunlight.
OBSERVING MOLECULAR CLOUDS
Molecular clouds that host and shape newborn stars are dark areas in the night sky. It is not possible for a human to see a molecular cloud-not even with a telescope. The reason that we cannot see a molecular cloud is that dust particles are scattered all over the cloud, and they absorb the light from surrounding stars. This prevents starlight from traveling through space and reaching us here on Earth, which is why a molecular cloud looks like a dark area in the sky. Fortunately for astronomers, the molecular cloud is transparent to radio waves. This means that radio waves are not absorbed by the dust particles in the cloud and the radio waves can therefore travel freely down to us on earth. Radio waves are not visible to the eye, but, using big radio telescopes, it is possible to get signals from these otherwise dark molecular clouds.
These radio waves carry information about the contents of the dark molecular cloud. If a star is being born, the cloud will send out di erent radio waves than if no star is being born within it. The use of radio waves allows astronomers to see when stars are being born, even though the molecular cloud is dark. And, even though astronomers today know a lot about how stars like the Sun are formed, there is actually still a great mystery to be solved.
